ABSTRACT To ensure positioning accuracy and speed of cellular-based human position acquisition for location-based service in a smart system, channel state information between the base station (BS) and user equipment (UE) is required at the BS to acquire the location of users. In frequency division duplexing cellular systems, the most practical solution of channel state acquisition is that a downlink channel is quantized using a codebook and then fed back to the BS over the finite rate feedback channel. In this paper, an adaptive feedback algorithm based on codebook updating is proposed for cellular-based positioning. Different from traditional feedback schemes that the feedback codebook keeps constant during the transmission procedure, the codebook of the proposed algorithm is dynamically updated based on the varied channel by rearranging codewords synchronously at the BS and UE. The feedback overhead can be reduced effectively with low computation complexity during the feedback transmission. Numerical results validate the effectiveness of the proposed algorithm.
I. INTRODUCTION
Location based service (LBS) refers to a series of services accessible with mobile devices based on the real time location information of users, provided by GPS and various communication networks, such as the cellular mobile system and WiFi [1] . With the increasing demands on the local position service in smart systems, location-based services obtain considerable attention due to their potential to make human life more ''smarter'', including smart vehicles, smart healthcare, smart home, etc. [2] - [4] .
With the development of cellular mobile systems, such as the fourth generation system (4G) and the forthcoming fifth generation system (5G), cellular-based positioning becomes an important method for human position acquisition for LBS in smart system, especially in the local/indoor environment [5] , [6] . According to the principle of cellular positioning techniques, the channel state information (CSI) between the base station (BS) and the user equipment (UE) is important for BS to acquire the location of users [7] . In time division duplexing (TDD) systems, CSI can be obtained implicitly from the uplink channel estimation by utilizing the channel reciprocity due to the same frequency band used in downlink and uplink transmission. However, this fact is not valid in FDD system, where different spectrums are allocated to forward and reverse links so that the channels of each are highly uncorrelated and the reciprocity does not exist anymore. Instead, feedback technologies are often used for CSI acquisition in FDD systems [8] . The downlink CSI is firstly estimated at the receivers and quantized into a quantization vector by using a feedback codebook. Then the index of the quantization channel in codebook is fed back to the transmitter in few bits over the finite rate reverse links.
Massive multiple input multiple output (MIMO), equipped with tens or even hundreds of antennas at the base station, has been widely recognized as a promising technology for 5G wireless communication system, due to its advantages of high system capacity and energy efficiency [9] . However, as the number of antennas being increased, high-dimensional codebook has to be used to ensure the feedback performance so that the feedback overhead is sharply increased subsequently, which will increase the positioning delay and decrease the positioning accuracy in LBS applications [10] . There has been a large amount of research in feedback transmission for cellular systems [11] . However, state-of-theart feedback schemes are usually appropriate for systems with small number of transmit antennas. Recently, a great deal of interests arise in feedback reduction. Owing to the fact that MIMO channels are spatially correlated due to the limited physical distance between antennas, compressed channel feedback has been applied to reduce the feedback overhead [12] - [17] . That is, receivers compress the estimated downlink channels, which can be represented to sparse form in some transformation domain, into a low-dimension measurement. The compressed channel is then quantized and fed back to the BS. In [12] , new codebook is designed for feedback transmission based on the long-term characteristics of the channel, and a compressed feedback algorithm are proposed to reduce the feedback overhead. Reference [13] compressed the spatially correlated high-dimensional channels into low dimensions based on principal component analysis method. The quantized CSI is fed back to transmitter by using the Modified Random Vector Quantization (MRVQ) scheme. This method can not only reduce the feedback overhead, but also decrease the codebook search complexity. A Noncoherent Trellis Coded Quantization (NTCQ) based limited feedback scheme for massive MIMO is proposed in [14] . A tradeoff between the feedback performance and overhead is derived based on the proposed scheme. Reference [15] considered the noise during the feedback transmission and proposed a compressed channel feedback scheme over the imperfect feedback link. A performance bound is also derived in the noisy conditions. A distributed compressive channel feedback scheme was proposed in [16] , and an improved Orthogonal Matching Pursuit (OMP) algorithm was introduced based on joint sparsity property of the channels. Reference [17] considered the channel estimation and feedback jointly. A block orthogonal matching pursuit algorithm is proposed to estimate CSI according to the feedback signal from users.
Temporal correlation of the time-vary channels can also be exploited to improve the performance of limited feedback [18] - [20] . Reference [18] proposed a differential CSI feedback scheme based on compressive sensing. Temporal correlation between block fading channels is exploited to enhance the sparse structure of channel vector and improves the performance of channel recovery at BS. Differential channel quantization, which utilizes a differential codebook to quantized channels, is also applied to improve the feedback overhead efficiency in [19] . Reference [20] proposed a subspace-based adaptive feedback compression scheme exploiting both spatial and temporal correlation.
The above works utilized the specific structure and sparsity property of the downlink channels to reduce feedback overhead. However, the sparsity representation of channel vectors is not exact due to the link noise and imperfect transformation, which may cause estimation error during the signal recovery at the transmitter and lead to performance loss. Especially, channel coefficients are sometimes recovered from the quantized channel vectors. The inherent quantization error between the original channels and the quantized ones may lead to performance degradation in channel recovery. Furthermore, some extra statistical information, such as the long-term or/and short-term correlation matrix, are needed to be shared between BS and UEs, which leads to extra feedback overhead when the downlink channels are varied frequently.
In traditional limited feedback scheme, the codebook is usually designed based on the statistical and structural properties of the channels, such as the long-term correlation and/or the sparsity structure, and is assumed to be fixed during the feedback transmission. However, it is known that the CSI between BS and UE is time-varied caused by many complicated facts in the wireless scenarios, e.g. multipath effect and the mobility of UE. In this paper, an adaptive limited channel feedback algorithm based on codebook updating is proposed. The correlation of channels between adjacent block fading is exploited to update the codebook adaptively during the feedback transmission. Different form some traditional codebook adaption schemes that new codebook is designed during updating procedure, only one codebook is used for CSI quantization during feedback transmission in the proposed algorithm. The codebook is updated only by rearranging its codewords and is updated synchronously at BS and UEs. Therefore, the proposed algorithm has low computation complexity and is easily implemented, even in the system with large number of transmit antennas.
The rest of this paper is organized as follows. Section II describes the system model considered in this paper. In section III, we propose the new feedback algorithm. Some related issues, such as codebook updating method and algorithm complexity, are also discussed in this section. Simulation results are presented to validate the effectiveness of the proposed scheme in Section IV. In the last section, we draw the conclusions.
II. SYSTEM MODEL
In this section, we firstly introduce a block-fading downlink channel model, and then present the CSI feedback procedure. To quantify the performance of the system, we review the sum-rate calculation assuming zero-forcing precoding for downlink transmission.
A. CHANNEL MODEL
Consider a FDD cellular system with BS equipped with M antennas and K single-antenna UEs, as shown in Fig. 1 . According to [23] , temporal correlation between block fading channels is involved and the channels can be represented as first-order Gaussian-Markov model, as follows.
(
where h k,i ∈ C M ×1 is flat-fading quasi-static complexvalued channel from BS to the k-th UE in the i-th block. 
B. LIMITED FEEDBACK SCHEME
Since the feedback procedure is the same during all fading blocks, we omit the suffix i for convenience in this section. To obtain optimal performance in FDD system, channel vector h k should be quantized asĥ k and fed back to BS. The quantization of h k is performed by the code-
, which consists of 2 B different M -dimensional unit-norm codewords, where B is the number of feedback bits. Assume that the downlink CSI is obtained perfectly at the UE side. The k-th user quantizes its channel vector h k to a quantized vector c q k by minimize the angle between the channel v in the codebook.
and | | stand for conjugate transpose of a matrix, the Euclidean norm of a vector and the absolute value, respectively. q k is the quantization index of the channel which is fed back from the k-th user to BS using B dedicated bits. Then BS can generate the feedback channel vectorĥ k = h k c q k and use it for downlink transmission and positioning. In this paper, we assume that the BS performs Zero-Forcing (ZF) precoding scheme based on the feedback channels in downlink transmission, which can asymptotically achieve the nearoptimal performance with low complexity [24] . The transmit signals x ∈ C M ×1 can be formulated as 
where ρ is the transmitted power for the k-th UE. n k is the additive white Gaussian noise at the k-th UE with zero mean and covariance σ 2 k . The signal-to-interference-plusnoise radio at the k-th UE is
The sum-rate of the system is
where E[ ] denotes the expectation operation and R k is the rate of user k. According to (6) , the sum-rate performance of the system depends on the precoding vectors w k , which is affected by the feedback channelĤ. However, in order to ensure the performance of feedback transmission, the size of codebook may be increased sharply when the number of antennas is increased. For example, if Random Vector Quantization (RVQ) codebook is used in channel limited feedback, the size of codebook should be larger than 2
to ensure the quality of the quantized channel vector, which grows exponentially as the number of antennas M when the SNR is P dB [11] . Therefore, traditional feedback techniques are not feasible to cellular system with large number of antennas because of the large feedback overhead.
As addressed in [8] , the inherent temporal correlation property in MIMO channels can improve the system performance effectively, such as channel estimation [21] , beamforming [22] , etc.. In the following Section, an adaptive feedback strategy based on dynamical codebook update is proposed to reduce the feedback overhead. Instead of using the fixed codebook during the feedback transmission, the proposed algorithm updates the codebook by rearranging the columns of the codebook based on the temporal structure of MIMO channels.
III. PROPOSED FEEDBACK ALGORITHM
In this section, we firstly design the adaptive codebook update method used in the feedback transmission. Then, we propose the new codebook-adaptive feedback algorithm based on the codebook updating. VOLUME 6, 2018
A. CODEBOOK UPDATE METHOD DESIGN
The key of the proposed feedback scheme is the codebookupdate procedure at BS and UE. In the design of the codebook update method, we utilized the fact that the channel coefficients at the i-th fading block is highly related to the previous i − L ones, where L is defined as the temporal correlation length related to the correlation coefficient α in (1). To validate the effectiveness of this usage, we firstly present the relationship between h i and h i−L based on (1).
From (2) and (7), the quantized vector of h i is
Eq.(8) reveals the relationship between the quantized vector c q i and h
Since the coefficient α and h i−L are known at UE side, the first part A of (9) is equal to
The second parts B of (9) can be calculated as
Similarly, the third parts C of (9) is
where (10) and (11) is obtained by using the fact that g i−L+j is random vector following the distribution CN (0, 1), and c i is a unit-norm vector. According to (10) and (11) . The value of (9) is
Note that the MIMO channel is temporal correlated between time slots so that the value of correlation coefficient α is close to 1. Therefore, the first part of (9), denoted as
is the dominant part in the expectation of
., 2 B , j = i, the following result will be true with high probability.
where c q i is the quantized vector of h i and Pro( ) denotes probability function. To overcome the uncertainty of c q i
caused by the random part B. Two constraints are considered in the construction of C 1 and C 2 , as follows
The updated codebook C new is constructed as
Note that different from some traditional codebook updating methods that the previous codebook is changed into an absolutely new one, the updated codebook of the proposed algorithm is only a column-arranged one of the original codebook. The computation complexity of codebook arrangement is o(2 B M ), which is linear to the number of antennas. In the quantization step of the feedback transmission, if the quantized channel vector c q i falls into the codewords of C 1 , in other words, the first 2 B new codewords of C new , the index of c q i can be fed back to BS by B new bits. Otherwise, if q i is larger than 2 B new − 1, the codebook is updated by arranging columns. In limited feedback scheme, both BS and UEs have the same codebook to quantize and recover the feedback channel. Therefore, the codebook update procedure should be done in BS and UEs simultaneously. However, BS usually cannot get the accurate h i−L because of the quantization error during channel feedback, which implies that BS may not use h i−L as the reference to update the codebook. Two alternative methods can be applied to obtain the reference channel at the BS. One is that BS obtains the reference channel from UE by using analog feedback. The other is that the quantized channel vector of h i−L , denoted as c q i−L , is used as the reference for codebook updating.
B. CODEBOOK-ADAPTIVE FEEDBACK ALGORITHM
In this section, we propose the codebook-adaptive limited channel feedback algorithm. Since the feedback procedure is the same among users, the user suffix k is omitted for convenience in the follow section.
Firstly, we briefly present the main step of the proposed algorithm. Let h i and c q i denote the downlink channel vector and the quantization channel of the i-th fading block, respectively. In the initialization step, the downlink channel vector of the first fading block h 1 is quantized to c q 1 using codebook C at UE side. The quantization index q 1 is then converted to its binary form using B dedicated bits and fed back to BS. Define c q = Quantize(h, C) be the quantization function that use codebook C to quantize channel h. C new = Rearrange (C, c ref ) denotes the codebook update operation from C to C new by using the reference codeword c ref . b = num2bin(q, B) denotes that convert the number q to its binary form using B bits, while q = bin2num(b, B) represents the reverse function. The proposed feedback algorithm is summarized in Algorithm 1.
IV. SIMULATION RESULTS
In this section, we present some numerical results to evaluate the performance of the proposed Codebook-Adaptive The carrier frequency of system f c is 2GHz, and the time slot duration is τ = 1ms. RVQ codebook generated independently from a uniform distribution on the complex unit sphere [25] is used in the feedback link. Note that the proposed algorithm is independent to the codebook, so that other kind of codebook is also available in this algorithm. ZF precoder is applied at the transmitter based on the feedback channels to evaluate the sum-rate performance of the system. Fig. 2 compares the sum-rate performance between the proposed codebook adaptive feedback algorithm and the RVQ feedback algorithm with B = 8 quantization bits per user. Codebook Update Frequency f CU , which is defined as the ratio of the codebook updating times to the feedback times, is considered in this simulation. Different f CU constraints, such as f CU < 1%, f CU < 2%, f CU < 4%, are used in this simulation. We observe that the proposed algorithm outperforms the classical RVQ algorithm in different FIGURE 2. sum-rate performance with different codebook update frequency constraints, f CU < 1%, f CU < 2%, f CU < 4%.
f CU constraints. It also presents that the sum-rate performance of the proposed algorithm is improved along with the f CU constraints being relaxed. However, the increase of f CU means that the codebook is updated more frequently during the feedback transmission, which increases the feedback complexity. Therefore, there is a tradeoff between feedback performance and complexity with different f CU constraints. In Fig. 3 , we plot the sum-rate v.s. SNR for the system with various speeds of users v = 3, 5, 10m/s and quantization level B = 10. The f CU of the proposed algorithm is limited to be less than 1%. It is shown that the sum-rate performance of the proposed algorithm in low moving speed is better than that in high moving speed. The reason for this is that lower speed of users mean higher temporal correlation between block fading channels, which may improve the feedback qualities. In addition, the proposed algorithm outperforms RVQ algorithm even in the high moving speed scenarios, e.g. v = 10m/s. Five users are considered and the quantization level is fixed to B = 10. We observe that the proposed algorithm is still valid to cellular system with large number of antennas, e.g. M = 64. Since the dimension of feedback codebook is fixed in this simulation, the feedback performance is degraded as the number of antennas increase. The f CU is constrained to be less than 1%. RVQ algorithm is also simulated with B = 8 as the baseline. It is observed that the sum-rate performance of the proposed algorithm is firstly increased and then decreased as the number of users increased. Since the ZF precoder uses the feedback channels instead of the true channels in downlink transmission, multiuser interference is also suffered in downlink transmission and becomes more serious as the number of users increases, which lead to the degradation of system performance. We also observe that the proposed algorithm outperforms RVQ algorithm with the same feedback bits, e.g. B = 8.
V. CONCLUSION
In this paper, we investigated the challenging problem of feedback transmission for cellular-based positioning in smart system. A codebook-adaptive feedback scheme is proposed based on the inherent temporal correlated property of MIMO channels. Adaptive codebook updating is applied to adapt the time-varied channels, and the feedback overhead can be reduced effectively. In addition, no extra processing and information are used to update the codebook in either BS or UE sides so that the complexity of the proposed algorithm is low and suitable for cellular-based positioning in smart system. Simulation results show that the feedback overhead can be reduced effectively by using the proposed scheme, and it is still affordable in the scenarios of large number of antennas. MAOZHONG SONG received the master's degree in communications and electronic system from Zhejiang University, China, in 1986. He has been with the College of Electronic and Information Engineering, Nanjing University of Aeronautics and Astronautics, since 1986, where he is currently a Professor. His research interests include wireless communications and satellite navigation with a focus on modulation signal design, signal processing, signal simulator, and embedded system and its application in the Internet of Things. 
